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SHOT REFRACTION PRCFILES IN THE ATLANTIC

- IR SN TV W

COASTAL PLAIN 6 M1LES EAST OF AMPROSE LIGATSHIT
by

R. C. Carlson and M. V. Brown

ABSTRACT

Two mutually perpenailcular profiles were cbtalned by re-
versed refraction shooting acrosse & polnt at 40°27'55"N and
73°41'40"W, about 8 mlles south of Long Beach, Long Island, and
6 miles east of ambreese Lightshlp. Three ground laysrs were de-
tected with slopes of less than 1° along elther profile. The
gelsmic velocities and thicknesses of the layers are as follows:
water-4505 ft/sec, 80 feet; unconsolidated sediment-5630 ft/sec,
750 feet; seml-consolidated sediment-6750 ft/sec, 1040 feet; rock
tasement-15,600 ft/sec. The velocity values and rock basement
depth are 1n agreement with previous selsmic refraction results

fcr nearby ocean areas.
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INTRODUCTION

During the montn of June, 19953, two mutually perpendicular

reverged refraction profiles were mude 1n a shallow water area

o]

5 mi1les south of Long Beach acrcss a pelint deslignated as X-Ray,

40°27 58", and 73° "1740"W. The purpose of this experiment was

tc determine several of the physical parameters of (e area such

ag tne trlcrness of sedlnernt lrayers underlying tne water, the ve-

loct v ¢f sound in the water, and tre velocity of sound in th

sediment layers and the rock basement. Previous shot refraction

i on
- L. B .
crcfiles to the east of point X»ﬁay( ! and fresn-water well
ah
lcy data on nearbdby Long Island ' mede 1t gossitle to estlmate

cefcrernand tnat we cculld expect ore or twc sediment layers over-

~

Teet {(measuring

'_J
e
8
Y
[0:8%
V¢
'3
@]

)C« basement at a deptii oI aZout 1700
from the oceail surface) One profilie was cnosen to te along the

direction of exgected maximum basement slcge.

LOCATION

The position of poirt X Ray wus marked by the Coast Guard

" P s v -~ -5 . Y o 3J
witn an anchored btuoy The depthr of water near X-Ray is about
~, e ™y o b Biml gy i) BpaTssTeY e A v meral - - =
ou Leet :ig,, 1 is a chart of the arca inveclved in this shes

refraction project showing polnt X-Ruy Lrevious siot refraction
\

(1 (3)
stations, ' ()

and well posltions on lLong Ieland Tne four
sn0* receiving stavions are indicaied as ABLE BAKXKER. CHARLIE,
and DOG. Tne first reversed refraction prcfile was fired along

RESTRICTED
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t

the line Jjoining ABLE and BAKER, meking an angle of 58° with True
Nortn. The second reversed refraction profile was fired along
the line Joining CHARLIE and DOG at an angle of 148° with True
Nortn. Tne four receiving etaticns were selected to be one nau-

tical mile from point X-Ray.

The shot firing snlp for tals experiment was the U38 ALLE-
GHENY (ATA-178). A 47 feoct Navy Retriever Doa%t was used as the
listeninz station. Tne shot arrivals thrcugh the water and var-
iovs ground layvers were recelved by a Bruei: AX-58-C hydrophone
lying c¢cn the ocean tottom at a depth of about 80 feet, were am-
plified by a geophyslcal amplifier wit:h a gain of the order of
4C to 6C dt, filvered, and tnen recorded on a Southwestern In-
dustrial Electronics Osclllograph Camera. Eight channels were
used on the recording camera. three for the low frequency fil-
tered nydroghone signal (ug to 8C ¢gs), three for the high fre-

quency filtered and rectified hydrophone signal (above 53C cps),

&
ey
ct
C
)
O
Lo 1
«t
Vi
V3
[¢/]
"3
A
.J
O
]
[}
m
-

not slgnal. To gilve the firlng time

-y

f the shot, tne shot slgnal plcked upr by holding a microphone
against g bulkiiead of the filring ship was transmitted to the Re-
triever. Trne speed of the firing a3hlp wae known and the inter-
val of time between the throwing of the charge over the ship's
gside to tne exploslion was measured. From this data the correc-
tion for the time cf travel of the snot scund wave througn the
water to the firing ship was easlly made.

AESTRICTER
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PROCEDURE

The procedure follcwed in obtaining a refraction proflile 1is

1lluetrated by Zvent ABLE.

A-Ray and,

Tne firing ship procezded to poelition

using ite radar and pelorus, mcved out one nautical

mi1le on tne bearing of 233° T tc statlion ABLE. The Retrlever came

ug alongside and ancnored.

Tre firirg snip then moved away and

stocd Ty untll the Retriever nad inwered its nydrophone and was

ready tc recelve

trzat a charge be

Joininz ABLE and X-Ray.

srnot sound arrivails.
fired at

Tre

Tne Retriever requested

a giver distance from 1t on the line

BERa!

1
L

riy

gx:lp maneuvered until 1t was

BF

o a course at rignt angles to the ABLE-X-Ray line and then steamed

at five %knots or more
tance from

crnarze was dropped as the

Distances

nunter of

the Retziever,

and charges for

-

L0 Intersect tre lire at the grescribed dls-

as measured by tne ship's radar. The

firirg enhip crossed the ABLE-X-Ray line.

m

each event wvere chosen sc as to give a

(or delTintte later arrivals) from each

The distances

366, 70C0, 9000,

7

£ P S o A kS 1 o
Tor easn avent wewe 1005, Sochn, ol 0

shots wevre fired at inter-

o
[\
~J

feet. althougn additlc:

nediate ranges in some eventg. In the case of a dud, the zharge,

tied to nang abicut 3L [2¢% below a five gallisrn can float,

to a seaward dilsgosal potlr® and sunk. after 2ackh shot,

tne caicelrs record was developed and the shat arrivals plotted. In

‘ 2 ol
Fig way,

1t was poss'ivle to gt dy lhwe travel tine graph ilmuedliate-

RESTRICTED
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WATER WAVE ARRIVAL

The rectified righ frequency cumera trauces were used to de-

t t i Sl RS Y I - TP SR N 3 e esm srmeea R - h] L™ y!
LeCL Lae arrrivas o0 D€ S0uliG WaVE€ Uravewling eniuircly voarcugn

[
(¢}

tne water. The temperuture of the ocean water from the gurface

to the otton was ineusured eaclh worxlng duay using & bathythermo-
cragn. Trhe salinity of tne water arocuné X-Ray,as cttalned from
regorts by Stockwon, ™’ was approximately 31 parts per tacusand
fer tne Dottom nalf of the water layer. In Tabtle I, tne temper-
ature data and tnhe veloclties ottalned from tables of gea water
scund velocity (8) are presented. 3Slnce the first arrival water
wave travels in the regicn from 37 feet deepn down to the ocean
bottom, the averagce velocity for tnls reglon was used. For Events

ABLE and BAKER, tnls average velocity was almcst exactly 42CC ft/sec,

=

8y
’..&
’_—J

e for Events CHARLIZ and DOG, it was 4910 ft/sec.

Fal

In Tatle II, a comparlison is made =7 the radar range of the
Re*riever at the time of each shot. wlth the range computed from
tne water wave urrival time and average sound velccities in water
ag glven In Table I. Since the travel times can be measured to
thousandtns of a second, tne estimated error in “computed" rarges
due to an error in weasured travel time shculd be about 0.8% for
tne snortest range diminishing to less than 0.2% for the longest
rance. The spread of differencee tetweern radar and "computed"
ranges can te accourted for by the difficulty 1n reading the ra-
dar screern in thne short tlime available und by the fact that there

RESTRICTED
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were several rudar observers, eacn witn slightly different radar
scope reading haeblts.

It 1s strixing, however, that for Evente ABLE and BAKER and
shot lz of Event CHARLIE (carried out on June 23rd and £5th) the
radar range 1s alwaye less tran the "computed" range wlth cnly

crne excepticn. For Events CHARLIE and DOG the opposite 1s true,

i.e., tre radar rance 1s always greater than the "computed" range.
It was rncticed after one event that the ship's radar scope was not
accurately certered, i.e., the center of the radar sweep beam dlid
nct colncide with the center of tine scope grid. Such non-center-

coul

[
{2

(18]

lead to a recurring error during the course of an event
in wricn tne listerning Toat was always on the same veariag from
tae firing snip. If the radar teanm were left the same in both
Everts ABLE and BAKER, tne radar "error" should bte of opposite
sigr in tne two cases since their :rue bearings would be 180C°
apart on thne radar screen. 8ince this was nct true, 1t means

tnat 1f the radar “error" in Event ABLZT were due t¢ non-center-

ing of trhe radar beam, the radar Tteam anust have bteen readjusted

ty
v

efore Zvent BAKER twce days later. No note was made whether such

radar ad'usgtients were nude or not.

In drawlng the travel time grapghs, it is helpful to have the
+

range between the two stutlona conmprising the reverse profile

RESTRICTED
SECURITY INFORMATION

AR N



RESTRICTED 10

(reciprocal range) eo trat the reversge pointe can vte plotted. The
firing shlp located eacn listening statlon with respect to the
anchcred vtuoy at a radar range of one mile. From Table II, 1t
agpears tnatl for a radar range of 2027 yarde, the corrected range
would te 120 yarde greater f{or Event ABLE, 12C yards greater for
Event BAKER, 2C yards iege for Event CHARLIE, and 90 yards less

for Event DCG. Carrying cut tnese ra

2,
X
fs

2

m

(R as
corrocuviadns, vie

distance between ABLE and BAXER or rec

[

~o
nge
procal range 1e 12,900 feet,
cerresponding to a water travel tlme of 12900/4%CC = 2.832 seconds.

Tne S istunce between CHARL

i
t;

and DCG is 11,85C feet, corresponding

tc a water travel time cf = 2.373 geconds.

‘ 4
b
N
o
%)
~
e
L8]
'_I
O

Since tnhe cnarges usea irn tnls experiment, ranging from 1/2 lb

T, were ncot fire

jon

or. the water surfuace, bubble pulses
vere ortained on eacii snot record. Tne first bubble pulse inter-
vals were measured and tne data Ticted to the first pubtle pulse

interval eguution

3
1
W
b
=
}_J
€2
.’.

y H SO s
J
T being the first tubble pulse interval in geconds, W the charge
. AN . 7y .
welpnt in pounds, and H the ageptn of (he churge in feet. It

wag found that the pulse intervuls correegorded to a depth of

atout 37 feet only for tne heavier chargese, tnose over 4 los. The

RESTRICTED
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-

L7z

| =1

t charge intervals were of the order of 0.147 seconds laver-

ace value), correagending to a deptn of only 9 feet. The 1 1b

&

charce pulse interval correspond to a firing depth of 18 feet,

-

1 1/2 1t charges a depth of 25 feet, and 2 1t charges a depih of
2C feet. Tre concluslon drawrn from these calculations 1s that

the lighter charges may not have nad sufficlent time (spprox-

N N~ 1P Y -~ al~
o - ek oA

Teet relnw the float Ttefore they

exploded. Tine sinking rate Ior free 1/2 1t demolltlion

)
®
’_J
}-
’..l-
[

oy
'_

blocks can bDe obtained from a report ty Cfficer and wuenschel.(a)
Tneir curve indicates tnat a “ree falling 1/2 to 1 1t block

sinulid sink &C feet irn 36 seconds, wnich is conelderably more

cate. How-

=

tran tne experimental zutble pulse interval wouid 1nd

ever, 1t may te that the cocrd used 2 tie the cnarge Dlock to

trhe oll can ficat retarced tne sinxing rate to suc: an extent
tnat the block only sank & feet in 3T seconds. All travel time

Caliculations were made on tne assumpticn that tne shots actual-

=7 were flred 3T feet Telow tne water suriace since the ccrres-
gornding difference in travel time tirrough the water 1s negligitie.
THECRY

Tze itheory Invelved :n the deriva®icnr of *ravel time equa-
(

r

QO
—~

'

vi1ocns nas been covered irn consideravnie detall o
lren)

Ewing’ and

‘<

:rn geophyslcal boors such as tzet of Dobrin. The wave paths

for zur particular case are shown ir Fiz. 2. Since these wave

RESTRICTED
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patng are slightly different fiom t.e standard arrangement 1in
walen che shet and nydrophone are btotn on the ocean surface,
tve travel times will te Jderived in tnis sectlon. The veloc-
ities, depntha, and angles are as defined in Ewing's paper. We

shall assume & unlform veloclty in the water.

For path (1) entirely 1n the water, t, = v &1 ¢ y* = =x .
A Vi

9 3 ~t
wnere we nave for our case {ya SO, X 000’ V, = 4900 [{[/sec)
neglected tne term in y.

For patn (2) tharough the water and along the water-uncon-

soxldated interface:

. , e d - . .

s — 3 W CAOMS - k. o=y o ybonagg Sin-Ada
Vn“” “ia Va Va WVMeesa,y V)

nere we have used Vl P ‘1:1_ . Combining,ta=X% _ Y cos

V Vi V,
For satih (3) tnrocugh the water, across the unconsolidated

layer, and along tne '.mconsolida:ei semi-consclidated interface:

V,cos q Vaces Aqs Vi cos a3

X CCS U-L’ ( b+y&un(§5 ;lﬂ(./ )tan& -hd(L 4tan \15.—)/ th qu cCos U&.s

+ —_— e e e = R
\¢
Using M. - ein Aoy s the y terms Decome
V3 =

e » X‘éunqufuh Al 3 e _Z_-_t?:\ (.('3— Sia L,;.;.z3 tore /;\’Ls Sin A\As

V,c0s VR o5 A, Vs

piken s Cou iy St
Va
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Tne second and third y terms comtine as:
)/ ‘tan c(‘s SN (.-._:;‘.3 05 23
Va

This tera then coutlines with tihe fourth ¥y tera to glve:

Using WV, _ N 4y . this term then combinees with the
W osin({g,m w;3)
firgt y term te give:
)/ cos c(l)
Vv,
1
Tne th term can Le reglaced Ty Lo, - X sinto gz 80 the
:‘Ea terms glilve. 2 h,, cos ‘.\15
Y1
The x terms are:
_ X sin 99&3 " X COS LIy " X sin oy tan 4 53
\G te3 a3 Va Vs

and witn Yi Z ®in §a3 , tne first and tnird tern combine and
tne X expresslon rtecomes:

.8 (cos o,y BID ALy~ SiD Wiy £05 ~a3)

Va
= X sin(ag~tigy) = X h L
= P &3 = = where via
v:?- V3(L.

1ls the apparent veloclity 1in the third leyer.

RESTRICTED
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Altogether then, one nas:

ah cot A o
g = X+ 2 a3 - B qia___ |
Vsa. \él Vi

For path (4), the previous reasoning can be folliowed to

glve:
f 3
Viya Vs Vs v,

Tre relations between the various angies in Flg. & are

given bty Snell's Law as#:

.}Q_ = sin A
\'/3; - Tl
Vi . S M - =0 Y43 V 7
RV E Pl P e e W e ¢
Yia va, A R %), Vs
!L. = &in Ay &_ 510 A%y
Vi V., : .
Qoo ok =-11a} Hl4 ’13)
V. 3 V. :
Ya = S0 Aoy ‘ -3 - Sin 4,
\'/3 6.:‘\/«%- u.34/ V* +
RESTRICTED
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RESULTS

The travel time graphs are plotted in Fige. & and 4. Several
of the lines are poorly determined, such as the semi-consolil ated
refracticn arrivale in Fig. & for the ABLE-BAKER profile and the
gemi-coneclidated refraction arrival in Filg. 4 for the CHARLIE-DOG
zrofile. The intercepts for the various refraction arrivals are
i1sted 1n Table III along wity iie velocitlies computed from the in-
verse slopes of the linee. 3lince in eacnh case tre veloclties for
the reverse stations are almoet equal, tnhe slopes cof tne sedlment
a-& Tasement .aterfaces must be very small.

The computed velocitles and layer thnicknesses are summarlzed

in Tarle IV. Only the unconsoilidated-Bemi-consolidated interface

oo
(¢}

for tne ABLE-BAKZR nrofile nas an appreclable slope and even trils
19 somewaat doucifiul tecause of the difficulty of estatlishing the
ABLE and BAXER intercepte. The thicknese of tne unconsolidated
sediment iayver at X-Ray, T, computed from the two reversed pro-
profiles do rnot agree and it 1e grcbable that the depth at ABLE
is toc small. Tne maximun casenent siope at polint X-Ray deoes not
aprear to ile along the airectlon of 3tation DOG; nowever, it 1is
airfTicult te say ‘usl woal the mexlimun ALSpe directiion is Ain view
cf trhe emall angles involved and :cneequent comnparltively large
crhange in elope for a small chande in tae Travel time graph
certs. The total depth t¢ the Ttasement at X-Ray, 1570 feet, 1e
ir agreement with tie estimate of 1700 feet,

Fige. & and 6 show cross sectiona tarough the ABLE-BAKER and

thhe CHARLIE-DOG Stations.
RESTRICTED
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DISCUSSION OF RESULTS3

Trie average velocitles for the unconsolidated, seml-consol-
idated, and basement lavers are in gocd agreement with the aver-
age veloclities found by Cliver and Drake:( 5400 ft/sec for un-
congolidated layer, 62006 ft/sec for semi-consolidated layer, and
18,40C ft/sec of the rock tasement. They fcund these “hree layers
at one selsmic station scutheast of Block Island and two statlons

soutn of Sninnecock Inlet near the easctern end of Long Island. At

!
. 1, Ewinz et a1(}) rouna only an unconsol-

Statiorn ?, shown un Fig
idated sediment layer of velocity 587C ft/sec and a rock basement

2100 feet down with a veloclty of 18,800 ft/sec. Evidence of a
semi-consolidated layer of velccity 10,800 ft/sec appeared only
on the south silde of Station 7. Since thils veloclty 1s so much
higher than the semi-consolidated layer veloc .ty found in this ex-
periment, i1+ ie probable that tne materlals comprising the" semi-
consclidated" layers are quite different in the two cases.

An extensive study of thne underiying geological formatlions
of Long Island has been made by the New York 8tate Coneervation

(3,11)

Degartment. Their repur<ts ~ncw the basement rock and in-

termediate layer contuurs Jased on fresh-water well log data ucver

I

the whcle lzland., The basement reoclr surface contour extrapolates

very well To ccver ine reéesults of the sra2sent experiment and ear-

ct

lier selsmic work. I:n alditlon, thelr north-soutn cross-seciional

18xted 1aveor 1n our selsnice

prafilen A2 aase Thab “52 findonee

RESTRICTED
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work may te ildentified witn the Magothy layer known to exlst un-
der the top gla~ial depoeit of western Long Ieland. Tne semi-

consclidated layer may be identified with the Raritan and Lloyd

B i o e Te o = PR TG | S I, 1 1 e -
layerss It 18 prcotable that the Raritan ng ou%t a& one

prcceeds gsoutneasterly from New York hartor so that at 3tation 8

it nas veen reglaced bv other degcsits of higher esound velocity.

PRECISION OF RESULTS

It 18 impossible 1n a shot refraction experiment to give
more than crude esgtinates of tne greclision of tne results for

il

tne fcllowlng reascns:
(1) The reading of the camera recorde involves personal

judzment in the selectlon of tne grcound arrivals. Even though

(i3]

a selected pcint on tne camera record can be measured to I C.001
seccrnd, In wany causes the actual gtart of the ground wave ar-
rival on a record (especially a second or th'rd arrival) may be
difficult to estimate witnin 2 0.Cl or even 2 .. seccond. Hence,
trhe consgldersatle number of Guestlonavle points on the travel
time graphe.

(2) Except for several of tne Zeagexen! refracted arrivals
and the gemi-consgnllduted Layer refracted arrival at 8tation
CHARLIE., only two tc fcocur points can be counted on for deter-
nination of the travel tlime graph lines. With so few points to
determine a line, i1t 1s difficult %o ussess the posslble errors
1n the slope and intercept values of TaZle III.

RESTRICTED
SECURITY INFORMATICN



REGTRINTED - 18 -

(3) For the compubatlon of the velocity of sound 1n se€a wa-
ter at the tlme of the experlmens in late Junc, 1t was neceasary
to use sea sallnity data takxen several years esarlier at another
nonth of the year. The estimate of salinity as 31 parts per thou-
sand for the near btottom sea layerse may be in error Dy several
parcs per thousand. Thils salinity error and the grror caused by
assuming that the temperature of the sea water remsained constant
cver each working dey at the batnythermograph values limit the
accuracy cf the water sound velocity Vi to about 1/2%. V;, of
cource, entere i1nto the calculation of each of the other layer
velocitles.

{a\ . T v —A s teAavA AT - & .l
(4) Tne reciprocal ranges were cttained Trom "corrected

'y
o]
joN
&

ranges and their accuracy 1s unknown. The cholce of 4if-

ferent reciprecal ranges would affect tne values o0f tre reverse
roints and nence tne values of tae slcopes of tiie travel time

sraph llres.

{9) Tne velocities cf the vario: layers were as-

=
w

T
2]
(b
(&)
&3
joN

ct

f eacn profile, wnereas

O

-
I'es

sured to be conatant over tne leng

= ]

tnere may actually te a change in the materlal density and sourd

velocity 1n the ground Layers over the two mile ranges of the re-

(6) Errors in tne calculation of layer thickness are cumu-
lative gince each layer intercept calculation invclves a term

t

Tor the previous layer tiiickness.
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(7)Y A low velocity sediment layer (l.e., with sound velocity

lower tharn that 1n water) would not be detected in this experiment.

Taking intc account the scurces of error listed avbcve, and
weighting the results ¢f tne (wo reversed profiles, we estimate

that the set of velocities in Table IV nas a precision of * 2%

oA

wnlle the set of laver tnicknesses at X-Ray nas a precision of

PO
b [t

- ~ v e

SONCLUSIONS

From thie experiment.several ¢f tne pnysical parameters
nave veen determined at Point X-Ray. 8ince the laver interface

slopes are small, & parallel sediment layer :

[&N

o}

3]

el 1ls a good ap-
proxization for thls area. Somewhat better values and certaln-
iy bpetter internal data conslatency would have been possible if
mcre egnhots nad teen fired and recorded on each profile. Tne ve-
locity and depth values ottained for each selsmic refraction lay-
er are 1., good agreement with previcus experiments, includlng
totz selamlc work offsnore of Long Island and fresh-water well

log data on the island 1itself.

Y Ynl!
RESTRICTED

SECURITY INFORMATION



RESTRICTED - 20 -

(nd
"-J
.

REFERLNCES

Ewing, M,, Worzel, J. L., 9teenland, N. C., and Press, F.
Geophysical 1nvasuLguuLvuu in tre emerged and submerged
Atlantic Coastal Plaln, Part V: Woods Hole, New York,

and Cape May sections. Geol. Soc. Am., Bull. Vol. £l,
pp 877-892. (1950).

Oliver, J. E., and Drake, C. L., Geophysical 1investlgations
in the emerged and submerged Atlantic Ccastal Plaln,
Part VI: The Long Island Area. Geol. Soc. Am., Bull.
Vel., 82, pp 1287-1296. (19351).

de Laguna, 6 W., and Braghears, M. L., Jr. The confliguration
or rock floor 1n western Long Island N. Y. New York
State, Wate~ Power and Control Ccmm. Bull. GW-13 (1948).

Stockton, W. D., and Backus, R. H. The distribution of sa-
linity in New York Harvor and iis approacnes. Cornell
Unlv., Statue Report. Nc. 12, December 1GSl.

Stockton, W. D., and Ayers, J. C. The distritution of sa-
inity in the waters cf New York Bight, Block Island

Sound, and Newgort Bight; Crulse STIRNI I, July-Sept.,

1951. Correll Univ., 8tatus Report No. 16, June 1952.

@
m
'—-J

Grosso; V. A. The veloclity of sound in sea water at
zero depth. Naval Research Lab., Report 4002, June 11,1952.

Ewlng, M., ¥ccllard, G. P., Vine, A. C., and Worzel, J. L.

ecent results 1n sutmarine geophysics. Geol. Soc. Ar
Bull. Vel. 57, pgp 909-.923¢ (1946

Cfficer, C. B.. and Wuenschel, P. C. BReductlon of deep sea
refraction data. Colutbla Univ., Lamont Geologlcal Cb-
servatory, Tecnnical Report No. ., August 19&l.

Ewing M., Woollard, G. P., and Vine, A. C. Geophyslcal 1in-
vestlgations 1n the emerged and submerged Atlantic Coastal
Plaln, Part III: Barnegat Bay, New Jersey section. Geol.
Soc. Am., Bull. Vol. 50, pp 257-266. (1938).

Dobrin; M. B., Introductlon to geophysical prospecting, New
York, McGraw-Hill, 19&2.

Suter, R., de Laguna, W., and Perlmutter, N. M. Mapplng of
geologic formaticns and aquiters of Long Island, New York.
New Y§rk State, Water Power and Coatrol Comm. Bull. GW-18
(1949).

RESTRTCTED
SECURITY INFORMATION




———— .

-21-

RESTRICTED
SECURITY INFORMA [1ON

*y3dep Jo ¢33 xed oes/~J 2ZT0*H +

xo030uy wdeq

‘juaueanssou ydaadoureuzAinsy o3 8I653I g

Am.¢v.abﬁop U3 JBU Je3Ba J0J pussiwyz Jed saed 1¢ K pUTTeS

0T6¥ 1887 5°8L6¥ 08 18 5*09 69 69 /L Dlee
116% L98% 996¥ S8 gLy §°g9 0L oL 0%/9 | EITYVHD
006% 1.8% 3°626V S8 S 6% 64 59 59 s2/¢ TV
8687 ¢*098Y Sg6% 56 8y 09 83 - £2/9 dBY
edwlesy | wo3iog 3y 108 4V (33) 1qwy| g 14 14 Ixgewmenrayy | YA | InEad
Jo y3deq | wogjog | y3deq sog | eougang e0vyamg
oom\pw uy A570079) pagETnOT8yg (379uueays; seardeq) eargecedugr BBy

(9)

Qb VAL VES 1T QiN0oS 40 XLINOTIA 40 HKOLLVINITYD

I THVL

RESTRICTED
SECURITY INFORMATION



RESTRI

7eD

SECURITY INFORMATION

- 22 »

o v
omb 14

COMPARISON OF RANGE COMPYTED FROM

TATER WAVE TRAVEL TIMF V1TH RADAR RANGE

Event ABLE = 23 June 1953

SHOT NO. WATER WAVE COMPU TED KADAR DLFFEKENCE
TRAVEL TIME RANGE RANGE

13 0.484 seo 2870 £t 1950 £+ 420 £t
6 oB24 2560 1950 610
7 #580 3330 2850 480

10 1.079 56290 4950 340

11 1.491 7310 69C0 410

12 24535 12,400 12,150 350

Shots 1,2,3,4,5,8,9 were either duds, not reccrded, inside

radar ranges, or radic signal waa lost,.

Sound velooity used

for ABLE was 4898 ft/sec (see Tabls I).
Event BAXER = 25 Juns 1953
SHOT NO, WATER WAVE COMPU TED RADAR DIFFERENCE
"RAVEL TIME RANGB RANGR
2 0486 383 .2430 £t 1580 f£+¢ 460 £t
3 «686 3360 X000 260
% 1,009 K380 4976 505
[ 1.464 n7e 6975 195
é 1.878 9190 9030 160
10 2,185 10,500 10,050 £50
9 24329 11,400 12,000 =600

Bhots 1,7,8 were either inside radar range or not recorded,
Sound vslooity used for BAKER was 4900 ft/sec.
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TARLE II (cont'd)
Event CVARLIE « 26 June (Shot la) - 30 June (Shots 1=8)
SHOT kO. WATER WAVE COMPUTED RADAR DIFFERENCE
TRAVEL TIME RANGE RANGE

la «286 sec 1405 f't 1125 It 280 It
1 +383 1880 1950 - 70
2 531 2610 2850 =240
3 1,000 491V 5025 -115
4 1.138 5550 5850 -280
5 14392 6850 7050 =200
9 1.515 7450 7650 -200
7 1,735 8520 8700 -120
8 1.257 9610 9500 =290

Shot 6 = lost radio shot signale

CiARLIE was 4911 ft/sece

Event DOG - 1 July 1953

Sound velocity used for

SHOT ¥O. WATER WAVE corump | RADAR DIFFERENCE
TRAVEL TDME RANGE RANGE

2 04334 S804 1940 £t 2100 £t =160 ft
3 o667 2790 3000 =210
4 .938 4610 4950 -340
5 1,130 5550 5775 ~225
6 1.355 6660 6350 =330
7 1.546 7500 8070 -470
8 1.740 8550 9000 -450
o 1,566 9660 10,140 -480
10 2,337 11,500 12,000 ~500
11 3089 16,080 15,450 420

Shot 1 wes withi. radar range.

wven 4510 [t/s€c.

Sound velosecity used for DOG
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TAFLE III

TRAVEL TIME GRAPH INTERCEPTS

S TATTCN LAYER INTRRCEPT INTERCEPT Velositiss in £4/ses
at t =0 at t = 2,638 from Recipruvcal Slopes
AHLE Unconsolidsated Q006 2277 Vu. £686
Semi~consolidated 0.118 24075 Vg = 6690
Rook ®&scmant 0.521 1,238 V“ = 18040
BAKER | Unccnsoliaatved 0,005 2.277 Voz = 6679
Semi-consolidated 0,144 26075 VSB = 6680
Rook basement 0.548 1.236 V,p = 18750
STATYCN LAYER INTERCEPT INTERCEPT Velooities in ft/seo
at £t =0 &t t = 2,373 from Reciproeel Slopes
CHARLIE |Unconsolidated 0,011 2,103 VZC = 5570
Se:zi=consolidatead 0167 1.881 VSC = 6880
Roc!: basement 0,545 1,171 V4c = 187G
DOG Unconsolidated 0,010 2,108 Vop = 5570
Semi=oconsolidated 0,165 1.86) Vap = 8870
Rook basement 0,551 1.171 V4p = 18800
) 1
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CROSS SECTION THROUGH THE
ABi.E-BAKER STATIONS

ABLE ~—m58°T Sorler,;; RAKER

TEE———— ——————— PN
8Oy == ——— — - WATER vl 4900 =—=—=—=—--"180

4 "L/ ' ¥

-l L/ _jgep0r 1L L .+ I -

L

€10, UNCONSOLIDATED SEDIMENT 150

B V, = 5680

(VERTICAL SCALE GREATLY EXAGGERATED)

5 SRA 11-53
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CROSS SECTION THROUGH THE

CHAFLIE -DOG STATIONS

POINT
CHARLIE —= 148°T X-RAY DOG
80'} ; WATER V, = 4910 BE
o i : !

te i —— |16 50" = e
790’ UNGONSOLIDATED SEDIMENT 760
| 7 / V, = 8570 D
i
i 1 1k 1
TR S S P R NG
y i N "
. \ N _ ; N " \\
N\ 3 S \
SEMI-CONSCLIDATED SEDIMENT
990" \ V3= 6870 | 1080'
H ) R = I
. N |
N
| \ : N I
L*‘YL ‘—l 0%-26:=w34 A'll

=

S (1RET TR\ = = 25
" ROCK BASEMENT E ﬂm

;: = v 1 =t A TA" !
=S J&-LLU V. = 18800 :L_ Al D\
=i U

L
i%:
\l Qﬁ

=y

. KLE

(VERTICAL SCAIE GREATLY EXAGGERATED)
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